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INTRODUCTION

Background and Rationale

One major purpose of our research is to identify clusters of knowledge
and competencies most likely to maximize the career-long occupational
opportunity, competence, and choice on non-college bound youth in an
evolving technological society.

NG S

S
i

Gur research is rooted in the philosophic premise that occupational
freedom involves both informed choice of alternatives and competence to
work effectively. The economy needs constantly larger numbers of workers
possessing new capabiiities. But youth are free to ponder only the
occupational choices they perceive. They are free to perform only the
kinds of work for which they acquire competence.

Choice and acquisition of competence may be needlessly impaired by
limited outlooks and motivations. For those reasons, studies of occupation-
al perceptions, aspirations comstitute interrelated dimensions of our
research.

The objective of our clusters research is to obtain facts about what
major types of tasks are actually performed in occupations most likely to
provide employment opportunity for substantial percentages of non-college
tound youth and to identify major types of knowledgze most likely to pre-
pare them for such work. On the basis of Bureau of Labor Statistics pro-
jections, the following occupational areas werz selected for study: office,
general merchandise retailing, building trades, electronics, food service,
and child care.

To obtain task and knowledge data for clustering, the staff, in con-
sultation with employers, emplovees, and vocational teachers, prepared
questionnaire check lists designed to identify specific major tasks actually
performed by workers in each of the occupational areas listed above.

Questionnaires were designed to obtain from employees data on age, sex,
major types of tasks presently performed, length of time on pwesent job,
and other types of work done in the past five years.

ﬁﬁ@%ﬁﬁ@ﬁﬁ@ﬁﬂﬁ%J%ﬂ%@“@ﬁﬁmWMﬁﬁmﬁ@W%%%mmﬁmﬁwﬁ%@@mﬁw?@%”wf@gﬁﬂ
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Those questionnaires have been administered to representative samples
of workers in each occupational area. To maximize the predictive value
of data, questionnaires were administered to employees in mcdern firms in
which the tasks performed are most likely to represent those prevailing " gg

in the foreseeable futuve.

workers on a construction job or in a firm or agency presently perform,

(2) combinations of major tasks performed on enii'y jobs, and (3) combina-
tions of tasks generally performed by workers with varicus degrees of
experience, and (4) some data on S-year combinations of worker experience.

Results provide data on (1) combinations of major tasks groups of g




From analysis of the above data, we have obtained vp-to-date facts
about comhinations of major tasgks performed by major cat:zgories of
workers.

Knowledges associated with performance of each task are being {denti-
fied by juries of employees, supervisors, and vocational teachers.

Both task and knowledge items are being coded so variouz patterns of
relationships can be identified rapidly by computer,

From analysis of the above data, we are obtaining definitions of both
tasks ana knowledges involved in entry jobs and in positions into which
workers can move as they get experience. We are identifying (1) some
clusters of knowledge useful within each occupational area and (2) some
clusters that are commonly useful in two or more areas.

Facts about currently useful tasks and knowledge are being supple-

mented by studies of ways they will be affacted by equipment, processes,
and materials now being developed by leading-edge industries.

Obiective and Hypothesis

The objective of this phase of the project is to conceptualize and
ident:fy mathematical knowledges commonly useful for work in cccupations
most likely to provide employment for substantial numbers of non-college
bound youth. On the basis of U. S. Bureau of Labor Statistics projections,
occupations selected for study include office, retail sales, building trades,
electronics, food service, and child capre.

It is hypothesized that some clusters of mathematical knowledge can
be identified as essential for entry and later-career work within and
amcng those occupations. It is assumed that if such is the case, instruc~
tion that helps youth acquire such knowledge will increase their capabilities
to begin work and to pursue further training essential for adaptability
and upward mobility.

Related Research

A survey conducted by the President's Conmittee on Scientists and
Engineers (4) revealed that the gcope of mathematics was the most critical
determinant for both level and quality of technological curriculum. Observa-
tions by matliematics teachers (5) who have worked in industry reveal a
significant need for employees who have knowladge of basic mathematics and
skill to apply concepts to problems in a variaty of situations. The intro-
duction of a report of mathematics authorities working in schools and
industry provides evidence regarding the vocational importance of mathematics
today (6):

There is no disagreement today--nor will there be in the
foreseeable future--on the vital importance of mathematics,
both to the scientist, engineer, or other specialist called upon




O use mathematics in his work, and to the intelligent layman

n his everyday life. Mathematical education, to fulfill the
needs of an advanced and advancing community, must be under con-
tinual scrutiny and undergo constant change, and it is the
responsibility of all mathematicians, working in university,
school or industry, to concern themselves with the problem

of keeping mathematical education vital and up-to-date.

e r)

Other studies have identified some commonalities of occupationally
useful mathematics knowledge. Maley (3) discovered that the routine arith-
metic operations of addition, subtraction, multiplication, and division
were common to many areas in the construction industry. Laws and Silvius {2}
found in a study of technicians that arithmetic skills predominated the
mathematics l.aowledges vequired. They also found a need for some knowledges
in algebra, geometry, trigonometry, and calculus to a minor jegree. How-
ever, it must be recognized that this study concerned itself with tech-
nicians whose qualifications would normally be beyond the high school
level. A study by Barlow and Schill (1) in California considered clusters
of mathematics knowledges. Their study analyzed the work of electronic
technicians who utilized relatively hLigh levels of mathematics.

METHOD

Each task item in the questionnaires was carefully analyzed by a math-
ematics expert and practitioners who work in each occupation under study.
For example, if the task pertained to bricklaying, mathematicians and
building trades workers jointly identified items of mathematical knowledge
essential for that task. By similar processes, mathematical knowledges
related to all tasks on other questionnaires were identified. The data

presented on Table I was derived from a frequency count of the task items
with which each mathematical knowledge is associated.

By analyzing the items on the data-gathering instruments, the follow-
ing preliminary clusters of mathematics knowledges were identified. Table I
shows the frequency with which mathematics knowledges occurred on the
questionnaires and the percentages of tasks requiring eaclt knowledge.

If both fractions and decimals are required for a particular task, it
was assumed that a knowledge of conversion was also necessary.

It is educationally significant that theze six clusters of mathematics
knowledge overlap. Numerous items are included in more than one cluster,

There are isolated instances where other mathematics knowledges such
as graphing or basic statistics are useful, but these do not cluster to
the degrees indicated on Table I.




RESULTS

ble I

LN
1

NUMBERS AND PER CENTS OF TASKS IN SIX OCCUPATIONAL AREAS REQUIRING
KNOWLEDGES OF FRACTIONS, DECIMALS, PERCENTAGE AND PROPORTION FOR PERFORMANCE #*
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No| % Mol % No| % No| % No| % Noj %

Operations with {
fractions . 66111.4 2 1.4 339

N
[o2]

24 118.21 41 j14.1 | 3 | 4.

Dperations with ' l
decimals 155 26.8 3 2.1 |38 [25.3 |30 |22.7] 69 {23.8] 8 {11.8

onversion:
fraction decimal {57] 9.9 2 1.4 138 175.31 24 {18.2} ul {1u4.1 3 4.4

oncept of Percent 10317.8 | 2 | 1.4 ¢ 5 | 3.2]|23 §17.4}u0 [13.8] 2| 2.9

‘atio and Proportion49| 8.5 | 1 | 0.7 3 | 2.0{19 [1u.ay23 | 7.9] 1| 1.5

*It is assumed that ability to add, subtract, multip!y and divide intepers are :
necessary for utilization of fraction, decimal and proportion knowledges. 5

DISCUSSION

The preceeding results are preliminary. The clusters are .ased on fre-
quency counts of task items on the data-gathering instruments anc not upon
actual data. Since a frequency count method was used, the preliminary clusters
are maximal in nature. When actual data is collected, clusters obtained by
frequency counts can be no more inclusive than those rresented here. FEven-

tually, more inclusive clusters can be identified by techniques such 2s factor
analysis,

The relatively low percentages of child care and food service tasks
requiring knowledse of fractions, decimals, percentages and proportions should
not be interpreted as indications that those knowledges are unimportant. The

tasks that do require such knowledge represent major portions of work performed
by e@ployees.

The data presented in this report are in agreement with the findirgs of
Maley (3). He found that workers in the building irades were required to
possess only minimal knowledges in mathematics. Because the present study
considers other areas in addition to construction, it can be considered to
be more general than the Maley study.

Even though this preliminary analysis does not reveal a requirem:nt for
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data, pians are being made to anaiyze the guestionnaire data. Likewise,
as studies preceed in other occupational areas (eg., marire occupations,
wholesaling), additional data on vocationally useful mathematics will be

obtained.

Curriculum: In cooperation with the Northwest Regional Educational
Research Laboratory, plans are under way to develop and evaluate curriculum
based upon some of the preliminary clusters. Systems of instructioa in
fractions and decimals are now under development. These systems are
being developed using two closely related methods. One method will utilize
computer-aided instruction and the other will be utilized independently
of a computer. These materials will be used experimentally at both the
high school and junior college levels, and results will be evaluated.

SUMMARY

It is hypothesized that clusters of mathematical knowledges most
widely useful i.. occupations most likely to employ substantial percentages
of non-college bound youth can be more precisely identified. Approximate
identification of some clusters useful in some major occupational areas
has bcen accomplished. More precise identification of more broadly useful
clusters will come from more detailed analysis of data in hand and from
additional data pertaining to other occupational areas. %hile more data
collection and analysis are in progress, work or development and testing
of experimental instructional systems for teaching fractions and decimals
is proceeding.
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-,f I* is hypothesized that clusters of mathematical knowledges most widely useful

- in occupations most likely to employ substantial percentages of non-college bound
youth can be precisely identified. The objective of this study is %o conceptualize

, and idenitfy mathematical knowledges commonly useful for work in occupations most

p likely to provide employment for substantial numbers of non-college bound youth.

Task iteus from questionnaires used in office, general merchandise retailing,
: building trades, electronics, food service, child care and agriculture studies

= were examined for mathematical knowledge content. Five clusters of mathematics
knowledges were found to be useful in all the areas studied. These clusters were:
X operations with fractions, operations with decimals, conversion of fractions to

; decimals, concept of percentage, ratio and proportion.

The results of this study should be considered preliminary in nature. Further
study in this area is planned. While more data collection and analysis are in
progress, work on development and evaiuation of experimental instructional systems
for teaching concepts in the fractions and decimals clusters is proceeding.
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INSTRUCTIONS FOR COMPLETING FRIC DOCUMENT RESUME

Tae resume in to be used for storing summaty dsts sand infoemation sheut esch document acquited, processed, and stored withia the
ERIC system. s addition 10 serving as & permanent record of eacl document in the collection, the resume is also the primaty meana of
disseminstion. The apper left corner of the fores (ficlde 1-54) is desi;ucd'to conform to descriptive caslogiog standitda setforth by the
Committee on Scientific snd Technica! Infoemszion (COSATI). Read the following instructions snd complete the resume as directed.

A. GENERAL INSTRUCTIONS:

1. Read eezh entty point. U sny point is not spplicable,
place “*N.A.* in the spproptiste field. Except for those which
you are instructed to leave blank, ali fields must be completed
with cither the required information or **N.A.**

2. Eater dste of completion of the resume in space peovided
in uppet tight corner.

3. Entty must i1 into space provided; if necessary use
atsndardized sbbrevistion as cited by the American Psychologi-
cal Association PPublication Manual. (Publicstion Manusl may be
obtained from the American Psychologicel Associatios, Order
Department, 2200 3 7th Sereet, NW., Washington, D.C. 20036.)

B. SPECIFIC INSTRUCTIONS:

Field 1. Accession No.: Leave blank. A permanent ED num-
Yer will be assigned to esch seport and attendant documentation
records as they ate processed in the ERIC system.

Field 2. ERIC Satellite Ccde: Enter 3-digit code number as-
sigaed by ERIC ¢o elearinghouse operation. If no code has been
assigned, leave blank.

Field 3. Clearinghouse Control No.: If you are acting as a
clestinghouse, enter the identifying number you have assigned to
the document.

Field 4. Sowtce: Enter corporste suthoe, carporake source, of
institutions! affilistion of the author who originated the docvment.
faclude complete name and complete address of source, shere
possible. The Atomic Energy Commissicn Corporate Author,
Eatties, TID-5059 (6th Rev.) will be the auhority for corporaie
source citstions. (AEC Corporate Author Entries may be obtsined
from Clearinghouse for Federal Scientific and Technical Informa-
tion, Mationa! Bureau of Standatds, U.S. Department of Commerce,
Springfield, Virginia.)

Field 5. Title: Enter full document title. If document com-
prises oaly & partion of the total publication or release, refer to
field #12. 1..lude subtitles if they add significarely to infor-
mation in the title propes.

Enter volume numbers or part numbers, where applicable, as
an sdded entry following she title.

if the documeni has been identified with a project number,
enter the project ncmber 83 an added entry following the volume
or psit numbers.

Include the type of report (whether proposal, in-progress,
finsl, follow-up) as an added entry following the project numbet,
wheee applicable. Following the type of repoee, enter the inciue
aive dates cevered by the report, by month and year. (Exancple:

i/63 - 71/65.)

Freld 6. Auwthar(s): Enter personal aushor(s) (corporate author
1% entcred in field #1), 1ast name first. (Example: Doe, John.)

If two authors are given, enter both. Ia the case of three or
more suthors, list only the peikcipal author followed by **asd
others,’’ o, if no principal suthor haa been designated, the
first author giveo followed by **and othera.’® (Example: Doe,
John and others.)

Field 7. Dste: Entes date of celease of document by month
and year. (Exsmple: 12/65.)

Field 8. Pagination: Entcrtotal nunber of pages of docu-
ment, including illusteations, appendices, etc. (Example: 115 p.)

Field 9. References: Enter sumber of refercaces citeu in
the bibliography of the document. (Example: 306 ref.)

Field 10. Report/Series No.: Entet any unique number as-
sigaed to the document by the publishér ce cotpcrate souece.
(Example: OE-53015; LX-i35.) Do not enter pioject numbers;
these are sdded entrics field #5.

Also enter jouenal citations by name of journal, volume num-
bet, and pagination. (Example: NAEB Jouensl, v. I, pp. 52-73.)
Do not include date; date is entered in field #7.

Ficld 11. Contract No.: If documcat has beea supported by
the U.S. Office of Educstion, enter the OE conttact numbes.

Field 12. Publizatior Title: If documeat sbstracted compsiscs
only & portion of the total publicatinn of release, ester complete
title of publication. (Examples: Four Case Studies of Pro-
gtammed Instruction; The Automation of School Infcswation Sys-
tems.) For joutnal titles, spell out any sbbreviavions. (Example:
Naticnal Association of Educations! Broadeastrra Journal.)

Field 13. Editu(s): Enter editor(s) last name first. (Examples
oe, Mary.) If two editors ate given, vater botk. In the case
of three or moze editors, list only the principal editor fol-
towed by *’and others,*® or, if r.o principsl editor has been
designzied, the first editor given followed by *and others.*’
(Ezample: Doe, Maty and others.)

Field 14. Publizher: Enter name and location (city and state’
of publisher.

(Exsmple: McGraw-Hill, New York, New York.)

Field 15. Abstract: Enter absteact of document, with a
maxzimum of 250 words.

Field 16. Retrievsl Terms: Enter conceptuslly siructurable
terms which, taken as & group, adequately describe the content
of the document. 15 terms do not fit into spacc provided on recto,
usz space allotted on verso for additional ceems.

Codes: lesve blank. Codes will be assigned for ingernal
tetrieval purposes .

Field 17. Idenudiess: Earet 3! terms which would not §ir
into a structured vocabulary. Examples sre: teade names,
equipment model nsmes and numbets, orgenizations, project
names (Project Headstare, Projecs English), code names, code
numbers.
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